Introduction. Moderate intensity physical activity is recommended for individuals with diabetes to control glucose and prevent diabetes-related complications. The extent to which a diabetes diagnosis motivates patients to increase physical activity is unclear. This study used data from the Women's Health Initiative Observational Study (baseline data collected from 1993-1998) to examine change in physical activity and sedentary behavior in women who reported a diabetes diagnosis compared to women who did not report diabetes over 7 years of follow-up (up to 2005). Methods. Participants (n=84,300) were post-menopausal women who did not report diabetes at baseline [mean age=63.49; standard deviation (SD)=7.34; mean BMI=26.98 kg/m 2 ; SD=5.67]. Linear mixed model analyses were conducted adjusting for study year, age, race/ethnicity, BMI, education, family history of diabetes, physical functioning, pain, energy/fatigue, social functioning, depression, number of chronic diseases and vigorous exercise at age 18. Analyses were completed in August 2012.
INTRODUCTION
A disease diagnosis may motivate health behavior changes in smoking cessation,(28) weight loss, (14, 28) reducing fat intake, (9) completing regular check-ups and improving diet. (18) Most studies of health behavior change following disease diagnoses focus on cancer [e.g. (15, 18) ].
Few studies examine behavior change following a diagnosis of type 2 diabetes despite the fact that encouraging lifestyle changes are recommended for diabetes management. (2, 17) Following a type 2 diabetes diagnosis, recommendations include achieving at least 150 minutes per week of moderate intensity aerobic activity and, if indicated, resistance training twice a week. (2) Physical activity is recommended to assist with glucose control, weight loss and to prevent diabetes-related complications, but whether patients with recently diagnosed diabetes change their physical activity in response to the diagnosis is unclear. One study of individuals diagnosed with type 2 diabetes reported that a shorter time since diagnosis was associated with greater increases in physical activity over six months. (42) As participants were diagnosed prior to inclusion in the study, it is unknown whether their physical activity changed as a result of the diabetes diagnosis or whether their greater level of activity reflected a previous habit. A large, prospective study of middle-aged and older adults reported that among those with higher education levels, more were engaging in physical activity following a diabetes diagnosis, while those with lower education levels were less likely to engage in physical activity after diagnosis. (38) Physical activity recommendations include encouragement to reduce sedentary behavior. (17) Evidence has accumulated on the dangers of excessive sedentary behavior, regardless of physical activity level. Sedentary behavior has been associated with type 2 diabetes,(24) obesity (20, 24, 45) and mortality, (39) but it is unknown if a diabetes diagnosis prompts changes in sedentary behavior.
A C C E P T E D
The present study aims to expand upon previous research by using the Women's Health Initiative data to examine the relationship between change in physical activity and sedentary behavior for women reporting a new onset of diabetes compared to those not reporting diabetes. This prospective study reduces the bias often observed in studies of post-diagnosis behavior as physical activity data was collected annually for 9 years and not based on retrospective report.
We hypothesize that women who report a diabetes diagnosis during follow-up will report increased physical activity and reduced sedentary behavior, compared to women who do not report a diabetes diagnosis. Additionally, we hypothesize that higher education and a family history of diabetes will be associated with greater increases in physical activity and greater reductions in sedentary behavior in women recently diagnosed with diabetes. We will further explore whether race/ethnicity modify the relationship between diabetes diagnosis and change in physical activity and sedentary behavior.
METHODS

Procedures.
The present study is a secondary data analysis within the Women's Health Initiative (WHI). The WHI was a national, longitudinal study that enrolled 68,132 participants into three clinical trials and enrolled 93,676 participants into an observational study (WHI-OS) at 40 clinical centers across the U.S. from 1993-1998. The present study used data from the WHI-OS participants from baseline (1993-1998) and periodic follow-up assessments up to 2005. The design of the WHI has been described elsewhere.(32) New diabetes diagnosis, physical activity and sedentary behavior were collected repeatedly over approximately 7 years of follow-up and participant retention and data collection completion rates were >95%. The WHI-OS study protocol was approved by the IRBs of WHI institutions and participants provided written informed consent.
The University of Massachusetts Medical School IRB granted an exemption for the current study.
Participants.
WHI-OS eligibility criteria included: postmenopausal woman, aged 50 to 79 years, reliable/mentally competent, and expected survival and local residency for at least 3 years.
Exclusion criteria included current alcoholism, drug dependency and dementia, or other conditions that would limit full participation in the study. Since the present study aimed to examine change in physical activity and sedentary behavior after a diabetes diagnosis, participants with a history of diabetes diagnosis at baseline (n=3,902) were excluded from the analysis. In addition we excluded 5,474 participants who were missing baseline information on diabetes history (n=121), self-reported diabetes diagnosis during follow-up (n=602), physical activity at baseline (n=979) or all physical activity data during follow-up (n=3,772). The analytic sample included 84,300 participants, 90% of the WHI-OS sample.
Measures.
Diabetes diagnosis. Diabetes at baseline was defined as a self-report of "ever having received a physician diagnosis of diabetes when not pregnant." At each annual follow-up visit (years 1-9), participants reported whether a doctor prescribed pills or insulin shots for diabetes. Although self-reported diabetes cases were not adjudicated, self-reported diabetes was found to be a valid indicator of diagnosed diabetes in the WHI, as assessed using medication and laboratory data, though undiagnosed diabetes was likely missed. (35) This method was used in other WHI studies. (34, 50) Physical activity. Physical activity during the past week was measured via a self-report questionnaire that demonstrated concurrent validity and test-retest reliability. (13, 36) For A C C E P T E D baseline and years 3-8, participants indicated the number of times per week and usual duration for walking, and for activities of mild intensity (e.g., slow dancing, bowling), moderate intensity (e.g., biking outdoors, using a treadmill) and vigorous intensity (e.g., aerobics, swimming laps).
Frequency and duration data were converted to weekly energy expenditure (MET-hours/week) during walking, mild intensity exercise, moderate intensity exercise and vigorous intensity exercise. Total MET-hours/week was calculated by summing the MET-hours/week for walking, mild, moderate and vigorous intensity activity. The number of physical activity episodes that were 20 minutes or longer was also collected. All of these variables were examined as outcomes to examine whether physical activity change could be attributed to a particular type or intensity of activity. Annual change in each type of physical activity was calculated using difference scores (current year minus previous year). Covariates. Several baseline variables were included as covariates for their association with physical activity (6, 16, 22, 25, 26, 30, 31, 48, 49) or behavior change following a disease diagnosis. (5, 18, 33) Age, race/ethnicity, education, family history of diabetes and vigorous exercise at age 18 were self-reported. WHI-certified clinic staff measured height using a year 4 was still regarded as missing. Analyses were conducted with and without using the previous timepoint for missing cases to ensure consistent results. Change in sedentary behavior was computed as current reported value minus previous for each individual at each scheduled follow-up (years 3 and 6). Participants with missing sedentary activity data were omitted from these analyses (n=7,352).
Linear mixed models were conducted using PROC MIXED in SAS version 9.2. (SAS Institute Inc., Cary, NC) with a repeated statement for subject and specified a first-order Toeplitz covariance structure. As the response variables were difference scores between 2 timepoints, correlations among the variables within an individual were small. More complicated covariance structures gave similar results. Three separate models were run for each outcome. The first model was the unadjusted model, the second model was adjusted for baseline BMI only (to minimize missing data from other covariates) and the third model controlled for the remaining covariates. Physical activity was not included as a covariate when sedentary behavior was the outcome and sedentary behavior was not a covariate when physical activity was the outcome.
Analyses were completed in August 2012.
For the effect modification analyses, interaction terms were created with the diabetes diagnosis variable and each of the moderator variables: education, family history of diabetes and race/ethnicity. These terms were then entered into the model that controlled for all covariates.
Preliminary analyses.
Continuous variables were assessed for normality by examining skew and kurtosis. Physical activity and sedentary behavior change values were fairly symmetric, but 'no change' was reported more often than expected for a normal distribution. The CES-D and social functioning
A C C E P T E D
variables demonstrated significant skew and were coded as categorical variables using standard cutpoints [0.06 for the CES-D; (53) and 50 for the social functioning subscale (19) ]. Since the timing of assessments is critical to this analysis, study year was compared with a variable specifying the number of days since enrollment to completion of the yearly assessments to ensure that assessments occurred in a logical sequence.
RESULTS
The sample consisted of 84,300 postmenopausal women whose average age=63.5 years (SD=7.3), average BMI was 27.0 kg/m 2 (SD=5.7) and 15% were from ethnically/racially diverse groups. Participant characteristics, split by whether they reported diabetes during follow-up, are described in Table 1 . Of the participants, 5% reported being diagnosed with diabetes during follow-up up. The number of participants who reported being diagnosed with diabetes in a given
year ranged from 407 in year 8 to 1,521 in year 3 (year 3 includes diagnoses that occurred in years 1-3). Incidence ranged from 5.7 (per 1000) in year 8 to 7.8 in year 5, which is lower than population estimates (in 2010, women aged 45-64 had a crude incidence=11.5 per 1000 and women aged 65-79 had a crude incidence=11.9 per 1000). (7) Participants who were diagnosed with diabetes during follow-up had, on average, a higher BMI at baseline (p<0.001), lower educational level (p<0.001) and were less likely to be non-Hispanic White (p<0.001), compared to participants who did not report diabetes during follow-up. Participants who reported diabetes during follow-up also reported less total physical activity at baseline (e.g., difference in total physical activity was -4.1 MET-hours/week; 10.1 vs 14.2 MET-hours/week) and greater sedentary behavior (p<0.001).
Results from mixed models revealed significant associations between reported diabetes diagnosis and physical activity change ( Table 2) . Participants who reported a diabetes diagnosis were more Table 4 ).
Neither education, family history of disease nor race/ethnicity modified the relationship between diabetes diagnosis and change in any of the physical activity outcomes (all p-values>0.14).
A C C E P T E D
DISCUSSION
Post-menopausal women who reported a diabetes diagnosis reported significant increases in their physical activity compared to women who did not report a diabetes diagnosis. The increase in physical activity appeared to be driven by a small increase in reported walking and physical activity episodes. Women who reported a diabetes diagnosis reported an increase of 0.5 METhours/week in total physical activity. While an increase of this magnitude represents only 6% of the recommended amount of physical activity (i.e., 7.5 MET-hours/week),(2) any increase in recreational physical activity, particularly in those at greater risk for comorbid disease, may confer benefits. A pooled analysis of 6 prospective cohort studies demonstrated that adults who reported 0.1 -3.74 MET-hours/week had a 32% lower mortality risk and an average of 1.8 years longer life expectancy compared to adults who reported no recreational physical activity. (37) The slight increase observed, coupled with research demonstrating that physical activity tends to decline with age,(51) justifies a need for future research to investigate how a diabetes diagnosis may encourage physical activity and how public health practitioners and clinicians might capitalize on this opportunity to promote activity.
Results suggest that a diabetes diagnosis may provide some motivation for increasing physical activity in a population that is often quite sedentary.(4) The diabetes diagnosis may have highlighted participants' worsening health, prompting them to increase their physical activity, without further intervention or guidance, in an attempt to assuage health concerns. They also may have received counseling from a health professional on increasing physical activity. (47) Prior to diagnosis, people with type 2 diabetes often have warning signs or receive a 'prediabetes' diagnosis that could heighten their awareness for the necessity of behavior change.
Since physical activity may help prevent diabetes, research should examine whether classifying a patient as pre-diabetic or using an impaired glucose tolerance diagnosis can similarly motivate A C C E P T E D increased physical activity. A qualitative study of individuals with impaired glucose tolerance who participated in a diabetes prevention lifestyle intervention trial and maintained improvements in lifestyle behaviors, mentioned that their impaired glucose tolerance diagnosis was a strong motivating factor for behavior change. (41) The best strategies for facilitating behavior change during these instances require further study.
Though the participants who developed diabetes reported increased physical activity, the average amount was still lower than the physical activity of participants who never developed diabetes and the amount recommended for health benefits. The fact that those who developed diabetes continued to lag behind individuals who did not develop diabetes, coupled with the evidence that individuals with diabetes are more likely to relapse to a sedentary lifestyle after beginning an The main limitation of this study is that diabetes was self-reported treated diabetes, and was only captured as having occurred in the past year as the WHI does not contain the date of diabetes diagnosis. Thus, participants may have been diagnosed as long as 12 months ago or as little as 1 day before they completed the follow-up assessment. The use of self-reported physical activity and sedentary behavior is not ideal given the possibility of inaccurate reporting. The lack of objective physical activity data limits our ability to validate participants' self-report.
Additionally, sedentary behavior was only measured at baseline, year 3 and year 6, which creates a larger time span between diabetes diagnosis and the post-diagnosis sedentary behavior measurement. The WHI sample also reported little vigorous intensity physical activity, (12) which may have limited the possibility of finding change over time in vigorous intensity physical activity. Participants were less likely to report diabetes than postmenopausal women in the US, which suggests that participants may not be representative of postmenopausal women.
Additionally, results may not generalize to men or premenopausal women. Strengths of the study include the large, longitudinal, national, and well-characterized racially and ethnically diverse 
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